K NOWLEDGE of the ion activities in soil-water systems is essential to the proper understanding of the physico-chemical behavior of soils and the ionic environment of plant roots in the soil (4, 7). Prior to development of the clay membrane electrode by Marshall (4) little was known concerning the activities of exchangeable cations in soils although the "suspension effect" first demonstrated potentiometrically by Bradfield (1) with electrodialyzed clays constituted direct evidence of the dissociation of H+ ions in colloidal clay suspensions. Marshall (4, 5, 6) has successfully employed the clay membrane electrode to measure the activities of NH 4 +, Na+, K+, Ca++, and Mg++ ions in clay suspensions and has shown that the activities of the monovalent cations are much higher than those of the divalent cations at the same degree of base saturation.
Unfortunately the clay membrane electrode lacks the desired specificity, and its use is therefore limited primarily to the measurement of cation activities in homoionic clay or soil suspensions, even though under favorable conditions Marshall (5) has extended this method to the determination of the activities of two coexisting cations in clay suspensions. In an effort to make possible simultaneous determination of the activities of any number of coexisting cations in soil water systems, a method based on the Donnan membrane equilibrium has been developed, and sufficient data have been obtained with clay suspensions to establish the validity of the method. In this paper, which is intended only as a preliminary report, a brief description of the method is presented together with some data on montmorillonite suspensions to illustrate the accuracy of the method as well as its utility in studies of ionic equilibria in clay or soil water systems.
THE PRINCIPLE OF THE METHOD
If a clay or soil suspension is separated from an aqueous phase by a membrane permeable to simple inorganic ions but impermeable to the clay particles and the system is allowed to come to equilibrium, the total or electrochemical potential, u, of each diffusible ionic species will be the same in both phases (2). The electrochemical potential of an ion of species i within a given phase is denned as:
- (2) t= u» + RT In ai + -(D in which u 0 is a constant at a given temperature and pressure, ai the activity of the ion, z t is its valence, ^ the electrical potential of the phase, R the gas constant, T the absolute temperature, and F the faraday. From the condition for electrochemical equilibrium (the identity of electrochemical potentials of each diffusible ionic species in the two phases), in which the superscripts prime and double prime refer to the clay and the aqueous phase, respectively. The membrane or the phase boundary potential, AE 0il i, is measured as the difference between the potentials of two identical calomel electrodes, one electrode placed in each phase. The aqueous phase is analyzed by conventional chemical methods, and the activity of the ion in the aqueous phase, ai", is calculated from its concentration and the ionic strength. The activity of the ion in the clay phase, a/, is then calculated by equation 2.
DIALYSIS CELL
The construction of the cell must be such as to provide a large membrane area per unit volume. In the earlier experiments, a collodion membrane sack containing the clay suspension was immersed in water or the aqueous solution contained within a sufficiently larger test tube so as to permit equilibration of equal volumes of the clay suspension and the aqueous phase. Stirring of both phases during equilibration was effected by bubbling a stream of air. A more satisfactory cell, which is now employed,' is shown in Fig. 1 . Two Pyrex Petri dish covers, 15 cm in diameter and 1.0 cm deep, with the rims ground perfectly flat, are clamped together in a frame after seating the membrane and the rubber gaskets between the two Petri dish covers. A 7-mm hole drilled through the rim of each of the two Petri dish covers is used for filling and emptying the two compartments of the cell. One compartment is filled with 100 to 175 ml of the clay suspension. The other compartment is filled with an equal volume of distilled water or the salt solution with which the clay suspension is to be equilibrated. The holes in the two compartments are stoppered and the cell is rotated continuously during equilibration in a rack built to hold 10 cells.
DIALYSIS MEMBRANES
The membrane must be impermeable to the clay particles but should be freely permeable to diffusible cations and anions as shown by the "concentration potential" (8) measured across the chain: 0.1 N KC1, membrane, 0.01 N KC1
The observed concentration potential should not differ by more than a few millivolts from the calculated liquid junction potential for the two KC1 solutions. Despite its high electrolyte permeability, the membrane should show low water transmissivity, as measured by the rate of water flow under a given hydrostatic pressure, in order to prevent excessive osmotic flow of water into the clay suspension during equilibration. In the earlier experiments, collodion membranes prepared under standardized conditions and dried cellophane treated with ZnCla solution to improve its permeability were both used successfully, but these membranes have now been abandoned in preference to commercially available undried regenerated cellulose film.
3 Its permeability may be varied by varying the time of drying. After drying for 6 hours at room temperature, this film makes a very satisfactory membrane.
